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(54) Stopper device for controlling a flow of molten metal

(57)  Astopper device for controlling a flow of molten
metal at an outlet opening of a metallurgical vessel, said
device comprising:

a) a rod like body (12) with a longitudinal axis (A) and
made of a refractory ceramic material,
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b) an elongated bore hole (14) extending from an upper N 14
surface of said body (12) towards its opposite lower end, —
wherein

/ L— 12

¢) said bore hole (14) being equipped, at least at its por-
tion adjacent the lower end of the body (12), with at least
one fixing means (16) adapted to receive corresponding
fixing means (18) of a refractory ceramic part (20,22,38)
to be fixed at the lower end of the body (12). 10 _/(
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Description

[0001] The invention relates to a stopper device for
controlling a flow of molten metal at an outlet opening of
a metallurgical vessel, such as a tundish.

[0002] Itis well known in steel casting to employ such
a stopper rod, which is in many cases a one-piece-stop-
perrod, moved vertically by the use of alifting mechanism
in order to vary the cross-sectional area of an outlet open-
ing of the corresponding metallurgical vessel.

[0003] Stopper rods have also been used to introduce
a gas, such as an inert gas, i.a. argon, into the molten
steel for removing non-metallic inclusions from the mol-
ten melt.

[0004] In all cases the stopper device must withstand
hours submerged in molten metal. It must also be capable
of enduring the harsh thermal shock encountered on the
start-up of casting and any mechanical forces imposed
to it.

[0005] Insofar many attempts have been made to im-
prove the mechanical and thermal properties of such a
stopper device and to improve its behaviour during use.
[0006] Typically a stopper rod has a so called nose
portion at its lower end, which serves to seal the corre-
sponding outlet opening of the metallurgical vessel when
the stopper rod is at its lowest position or to open the
outlet nozzle after the stopper rod has been lifted verti-
cally.

[0007] Insofar itis not surprising that this nose portion
defines that part of the stopper device with the highest
degree of wear. The whole stopper rod must be replaced
after a certain time of use, although just its lower end
portion (the nose portion) being worn to an extent which
requires replacement.

[0008] Such replacement causes corresponding re-
placement time and costs.

[0009] Attempts have been made to provide a stopper
rod with a nose portion of a ceramic material ofimproved
resistance to wear. Indeed such a mono-block stopper
rod made of two different ceramic materials increases its
lifetime but causes relatively high production costs and
technical difficulties in view of different thermal expan-
sions during treatment under different temperatures in
use.

[0010] Itistherefore an object of the present invention
to provide a stopper device for flow control of molten met-
al from a vessel, which avoids the above-mentioned dis-
advantages and reduces the steel production costs.
[0011] The invention starts from a conventional stop-
per rod having a rod like body (with a longitudinal axis A)
and made of a refractory ceramic material, which further
comprises an elongated bore hole, extending from an
upper surface of said body to its lower end. It is conven-
tional to provide within said borehole, mostly in its first
third of its length (from up to down) means for fixing one
end of a corresponding metal rod, which other end is
attached to the lifting mechanism. Possible constructions
of such fixing means may be taken from prior art, for
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example from EP 0 358 535 B2 and the prior art men-
tioned in said European patent, all of which disclosure is
made part of the disclosure of the present description.
[0012] The inventive idea focuses on the lower end
portion of the stopper device, which undergoes the
strongest mechanical and thermal attacks during use.
[0013] The invention does not amend the surface
and/or material of the lower end portion but provides with-
in the (lower) end portion of said bore hole at least one
(further) fixing means adapted to receive corresponding
fixing means of a refractory ceramic part to be fixed to
the lower end of the body.

[0014] While the fixing means in the upper part of the
bore hole serve to hold the corresponding metal rod the
function of the fixing means at the lower end of the bore
hole are completely different. They are designed to fit
with a correspondingly designed portion of a refractory
ceramic part which provides the corresponding end por-
tion of the stopper rod, in many cases the nose portion.
[0015] There exist several lines of embodiment fulfill-
ing the criteria mentioned above:

A first group is characterized by an open lower end
of said bore hole, as shown in attached figure 1. The
lower end part of the bore hole is equipped with a
threaded wall portion which fits with an outer thread-
ed portion of rod like extension of said nose portion
to be mounted. Accordingly the (replacement) nose
portion is simply screwed into the lower end of the
bore hole. As will be further explained in connection
with the drawings the nose portion should have an
outer shape which corresponds to the outer shape
of the ceramic stopper body so as to provide a con-
tinuous smooth surface all over the length of the stop-
per rod.

[0016] Instead of providing corresponding threads oth-
er fixing means may be provided along said lower bore
hole end and the replacement part respectively. For ex-
ample the replacement nose section may be fixed to the
stopper body by providing corresponding bore holes
more or less perpendicular to the longitudinal axis of the
stopper rod and a corresponding ceramic pin running
through said bore holes. Such an embodiment is shown
as well in the attached drawings (Fig. 2).

[0017] When said separate nose portion must be re-
placed (again) it may simply be detached from the stop-
per rod the other way round as described before and a
new nose portion may be fixed to the stopper rod.
[0018] If the nose portion may not be detached any-
more and/or the adjacent lower end of the stopper body
must as well be replaced the invention provides the pos-
sibility to simply cut off the lower (worn) part of the stopper
body, possibly together with the integrated used nose
portion. Obviously the rod is cut along the section, com-
prising the fixing means, so that fixing means being
present in the remaining part to be used again.

[0019] This makes the stopper rod shorter. In order to
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avoid lowering of the lifting mechanism which is not al-
ways easily possible, the further replacement nose por-
tion may then have a greater length than the one re-
placed. This replacement operation may be performed
to its best if the new nose portion has a length which
provides together with the cut remaining stopper body a
total length identical to the length of the original stopper
device.

[0020] The second group of embodiment comprises
stopper rods with a central bore hole ending at a distance
to the lowermost surface section of the lower end of the
stopper rod (i.e. the lower end of the nose portion). Such
a stopper rod may be used as it is. After a certain degree
of wear along the nose portion has been observed the
worn nose portion is cut off at an axial length of the stop-
per rod to provide an open lower end of the central bore
hole. Again this cutting line is chosen such that the bore
hole is provided in this area with the said fixing means
adapted to receive corresponding fixing means of a re-
fractory ceramic part to be fixed at this now provided low-
er end of the body. After the worn nose portion has been
cut off the design of this stopper rod is similar to the design
of the stopper rod according to the first embodiment men-
tioned above. Further cut-offs and replacements may be
affected as described before.

[0021] Itis possible to make the whole stopper rod of
one refractory ceramic material. It is also possible to use
different materials for the replacement parts (nose por-
tions) and the remaining stopper body. It is further pos-
sible to provide sealing means between the lower sur-
faces of the stopper rod and the corresponding surfaces
of the replacement parts. Such sealing means must with-
stand the high temperatures being effective at this area.
Graphite sealing means are suitable in this respect.
[0022] The fixing means at the lower end of the bore
hole may extend about ' of the total length of the stopper
device but they may be provided as well along the total
length of the bore hole.

[0023] If the bore hole ends shortly before the lower
free end of the body the stopper rod may be used without
any further manipulations. The closed lower part of the
stopper rod provides the so called nose portion. It may
be possible to provide said nose portion with at least one
gas channel, one end of which opensinto the correspond-
ing lower end of the bore hole and the other end of which
merges into a lower most surface portion of the lower
end of the body.

[0024] This gas channel may be present as well in any
of the above-mentioned replacement parts which makes
it possible to continuously use said reconstructed stopper
rod for gas purging purposes.

[0025] Asdescribed above the invention also compris-
es a process for reconstructing a stopper device as de-
scribed before in two different embodiments: If the stop-
per device is provided with a nose portion at its lower
end, i.e. closed at its lower end, the reconstruction starts
by cutting off the used nose portion at a distance from
the lower free end of the body so that at least one fixing
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means remains along the remaining lower end of the bore
hole and fixing a new nose portion along the at least one
fixing means along the remaining lower end of the bore
hole.

[0026] Thisreplaced nose portion should be preferably
of a greater length than the one replaced in order to keep
the length of the whole stopper rod constant.

[0027] If a stopper device is used to which no nose
portion is yet fitted or which is equipped with a separate
nose portion at its lower end the reconstruction steps
start by loosening the said used nose portion from the
remaining body or cutting off the used nose portion at a
distance to the lower free end of the body, so that at least
one fixing means remains along the remaining lower end
of the bore hole, before fixing a new nose portion along
the at least one fixing means at the remaining lower end
of the bore hole.

[0028] Further features of the invention are described
in the subclaims and the other application documents.
[0029] The invention will now be described in more de-
tail with reference to the attached schematic figures,
showing three different embodiments of a stopper rod
according to the invention.

[0030] Figure 1 shows the lower end (about 20 % of
the total length) of a stopper rod 10 which is characterized
by a ceramic refractory body 12 of an elongated rod
shape, which longitudinal axis is depicted by A-A.
[0031] A central bore hole 14 is running through said
body 12, coaxially to said axis A-A.

[0032] The lower end part of the bore hole 14 is pro-
vided with a threaded wall portion 16. A corresponding
thread 18 is provided at the outer circumferential surface
of a protruding part 20 of a ceramic refractory nose por-
tion 22 which may be screwed into said threaded wall
portion 16 in order to provide a ready to use stopper rod.
When the nose portion 22 is fully screwed into bore hole
14 an outer shoulder 24 of the nose portion 22 abuts
against a corresponding lower surface portion 26 of body
12. Between these two corresponding surfaces 24, 26 a
refractory gasket, for example made of graphite, may be
placed.

[0033] Infigure 1 the design of the assembled stopper
rod is shown in dotted lines.

[0034] When the nose portion 22 has undergone seri-
ous wear and must be replaced it may be screwed off or
the stopper rod may be cut at a distance from its lower
end, schematically shown in figure 1 by line B-B. There-
after a new nose portion 22 may be placed within the
remaining threaded wall portion 16 as described before.
If the total length of the stopper rod should be the same
as before the new nose portion 22 must have a length
between its shoulder 24 and its lower most point (surface
area) 28 of the previously replaced nose portion plus L,
i.e. the distance between the surface portion 26 and cut-
ting line B.

[0035] The embodiment shown in figure 2 is similar to
that of figure 1, but the nose portion 22 is fixed to stopper
rod body 12 by a pin 32, which is fed into corresponding
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bore holes 34.1, 34.2 within said refractory body 12 and
34.3 within the protruding part 20 of nose portion 22.
[0036] A third embodiment is shown in figure 3 which
resembles the one of figure 1. Instead of a protruding
part 20 the nose portion 22 is provided with a recess 36
of the same diameter as the bore hole 14. Again the
threaded wall of the recess 36 corresponds to the thread-
ed walls of the bore hole 14 so that the nose portion may
be fixed to the stopper body 12 by means of an interme-
diate pin 38 with a corresponding outer thread.

[0037] A fourth version is shown in figure 4. The stop-
perrod shown is aready to use stopper rod, i.e. itincludes
anose portion 22 and is manufactured as the mono-block
stopper rod.

[0038] Nevertheless it is of a complete different con-
struction compared with common stopper rods as the
bore hole 14 is provided atits lower end 141 with a thread-
ed wall portion 16, extending up to or even into the nose
portion 22.

[0039] According to prior art a stopper rod had to be
thrown away and replaced by a completely new device
even in cases where only the nose portion 22 had been
worn to a certain extent.

[0040] Now the nose portion 22 may be cut off, as ex-
plained in connection with the embodiment of figure 1
and a new nose portion 22 like that of Fig. 1 may be
attached to the remaining stopper body 12.

[0041] Typically the axial length of the nose portion
O according to prior art- is between 80 and 120 mm. Its
outer diameter will typically be 100 to 150 mm. The fixing
means may extend at least along 20 % of the total axial
length of the bore hole.

Claims

1. Astopperdevice for controlling a flow of molten metal
at an outlet opening of a metallurgical vessel, said
device comprising:

a) a rod like body (12) with a longitudinal axis
(A) and made of a refractory ceramic material,
b) an elongated bore hole (14) extending from
an upper surface of said body (12) towards its
opposite lower end, wherein

¢) said bore hole (14) being equipped, at least
at its portion adjacent the lower end of the body
(12), with at least one fixing means (16) adapted
to receive corresponding fixing means (18) of a
refractory ceramic part (20, 22, 38) to be fixed
at the lower end of the body (12).

2. Stopper device according to claim 1, comprising fix-
ing means (16) at the lower end of the bore hole (14)
adapted to receive athreaded portion (18) of the part
(20) to be fixed or a threaded bolt (38) interconnect-
ing the body (12) and the part (22) to be fixed.
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3.

10.

11.

Stopper device according to claim 1, wherein said
fixing means (16) at the lower end of the bore hole
(14) are provided by a threaded portion of said bore
hole (14).

Stopper device according to claim 1, wherein said
fixing means (16) at the lower end of the bore hole
(14) extend about less than 1/3 of the total length of
the stopper device.

Stopper device according to claim 1, wherein said
bore hole (14) ends shortly before the lower free end
(28) of the body (12).

Stopper device according to claim 1, wherein said
bore hole (14) extends into a nose portion (22), pro-
viding the lower end of the body (12).

Stopper device according to claim 1, wherein said
lower end of said body (12) is provided with at least
one gas channel, one end of which opens into the
corresponding lower end of the bore hole (14) and
the other end of which merging into a lowermost sur-
face portion (28) of the lower end of the body (12).

Stopper device according to claim 1, wherein the re-
fractory ceramic part (22) to be fixed at the lower end
of the body (12) is a nose portion of said stopper
device.

Process for reconstructing a stopper device accord-
ing to anyone of claims 1 to 8 after use, which stopper
device being provided with a nose portion at its lower
end, comprising the following steps:

a) cutting off the used nose portion at a distance
to the lower free end of the body, so that at least
one fixing means remains along the remaining
lower end of the bore hole,

b) fixing a new nose portion along the at least
one fixing means at the remaining open lower
end of the bore hole.

Process according to claim 9, wherein a new nose
portion is used which has an axial length so that the
overall length of the reconstructed stopper device
remains unchanged to its original length.

Process for reconstructing a stopper device to any-
one of claims 1 to 8 after use, which stopper device
being equipped with a separate nose portion at its
lower end, comprising the following steps:

a) loosening of said used nose portion from the
remaining body, or

b) cutting off the used nose portion at a distance
to the lower free end of the body, so that at least
one fixing means remains along the remaining
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open lower end of the bore hole, and

¢) fixing a new nose portion along the at least
one fixing means at the remaining open lower
end of the bore hole.
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